This is a second part of a review 1) and is mainly a compilation of new secoiridoids reported in the literature during 1994-2005 as well as a high-light of biological and pharmacological activity of iridoids and secoiridoids published during 1998--2005. The earlier first part of review 1) included new naturally occurring iridoids (glycosides, aglycones, derivatives and dimers) reported during 1994-2005. Secoiridoids are monoterpenoids based on the 7,8-secocyclopenta[c]-pyranoid skeleton and represented by 1a. They are possibly derived in plants from iridoid, loganin 1b by oxidative cleavage with redox enzyme to 1c and then undergo various secondary modifications of the basic skeleton namely, epoxidation, oxidation, hydroxylation and esterification of the generated hydroxyl groups leading a group of compounds which constitute the class. The main aim of this review is for rapid identification of isolated secoiridoids by comparison of spectral data as well as to draw attention of the natural product chemists for evaluation of biological and pharmacological activity of the isolated iridoids and secoiridoids in order to justify the use of medicinal plants containing these metabolites in folk medicines. In certain plants, the isolated metabolites showed biological activities other than the use of the concerned plants in traditional system of medicine. The high-light of pharmacological activity may possibly draw the attention of the synthetic chemists for design of new drugs using known iridoids as raw materials.
This is a second part of a review 1) and is mainly a compilation of new secoiridoids reported in the literature during 1994-2005 as well as a high-light of biological and pharmacological activity of iridoids and secoiridoids published during 1998--2005. The earlier first part of review 1) included new naturally occurring iridoids (glycosides, aglycones, derivatives and dimers) reported during 1994-2005. Secoiridoids are monoterpenoids based on the 7,8-secocyclopenta[c]-pyranoid skeleton and represented by 1a. They are possibly derived in plants from iridoid, loganin 1b by oxidative cleavage with redox enzyme to 1c and then undergo various secondary modifications of the basic skeleton namely, epoxidation, oxidation, hydroxylation and esterification of the generated hydroxyl groups leading a group of compounds which constitute the class. The main aim of this review is for rapid identification of isolated secoiridoids by comparison of spectral data as well as to draw attention of the natural product chemists for evaluation of biological and pharmacological activity of the isolated iridoids and secoiridoids in order to justify the use of medicinal plants containing these metabolites in folk medicines. In certain plants, the isolated metabolites showed biological activities other than the use of the concerned plants in traditional system of medicine. The high-light of pharmacological activity may possibly draw the attention of the synthetic chemists for design of new drugs using known iridoids as raw materials.
A number of review articles on plant secoiridoids are available. Listings of naturally occurring secoiridoids together with spectroscopic data and plant source (review of El-Naggar and Beal covering the literature through January, 1980
2) and of Boros and Stermitz covering the literature through December, 1989 3) ), and without spectroscopic data (review of Hazimi and Alkhathlan covering through December, 1993 4) ) are available. The reviews on biological activity of plant iridoids, namely of Sticher, covering the works reported up to 1976, 5) of Ghisalberti and of Mandal et al. covering the literature up to a part of 1997 6, 7) are also available. Secoiridoids are listed in Table 1 in a fashion similar to that of the Boros and Stermitz review.
3) All the new secoiridoids are arranged in four groups. Group 1 contains simple secoiridoids; whereas group 2 contains terpene-conjugated secoiridoids; group 3 contains aromatic conjugated secoiridoids and group 4 contains bis-, tris-and tetrakis-secoiridoids. The oxidation state of C-10 and C-11 guides the arrangement of compounds in each group except group 4. The available data for each compound were listed in the following order: name; structure; molecular formula; calculated molecular weight as per atomic weight of most abundant isotopic atoms of C, H, O, etc.; melting point (°C); optical rotation, [a] D (with concentration and solvent); UV (solvent, l max in nm, log e); IR (medium, n max in cm Ϫ1 ); 1 H-NMR (spectrometer frequency, solvent); chemical shifts (in d, ppm starting with H-1 and listed in order) with multiplicities, coupling constants in Hz, assignments; 13 C-NMR (spectrometer frequency, solvent) chemical shifts (in d, ppm, starting with C-1 and listed in order) with assignments; plant source (family); reference(s). The 1 H-NMR data have been rounded to the second decimal point and the 13 C-NMR data to the first decimal point. Assignments with the same superscript may be interchanged. MS data were omitted because in most cases the fragment mass ions are not diagnostic. Data for derivatives were not listed unless the derivative rather than the free compound isolated in free state.
Numbering of secoiridoid skeleton and of the most comNaturally Occurring Secoiridoids and Bioactivity of Naturally Occurring Iridoids and Secoiridoids. A Review, Part 2 mon functionalities is given in Fig. 1 . The sugar on the C-1 carbon of the aglycone moiety is given the single prime ( Ј) designation, while other substituents are designated as double prime (Љ), triple prime (ٞ), etc., according to their substitution position on the main secoiridoid skeleton, except in cases of substituents on other substituents. The designation of substituents on other sustituents is done by succeeded primes; for instance, a p-coumaroyl unit on sugar unit at C-1 will be designated double prime and a sugar unit on pcoumaroyl unit will be designated as triple prime (e.g. 1d).
For bis-, tris-and tetrakis-secoiridoids, the monomeric units are designated as parts a, b, c and d and then these units are numbered as per usual numbering. Cinnamoyl, coumaroyl, caffeoyl, feruloyl, isoferuloyl groups are in trans-configuration unless otherwise indicated. Some abbreviations used in representation of structures are: glc: b-D-glucopyranosyl; rha: a-L-rhamnopyranosyl; api: b-D-apiofuranosyl; Me: methyl; OMe: methoxy. Suspected errors in a numbering of a monomeric unit and in multiplicity of proton coupling were not corrected unless there was some ambiguity in the numbering or multiplicity of proton coupling for a particular compound was observed. All the listed compounds in Table 1 are listed alphabetically in Table 2 .
In spite of exhaustive efforts, some new secoiridoids may be omitted in the list because of non-availability of the published papers and hence this review should not be used as the only source of new secoiridoids reported during the period of the review.
Biological and Pharmacological Activity of Naturally Occurring Iridoids and Seco-iridoids
At present a good number of plant extracts containing iridoids/seco-iridoids are used as bitter tonics, antiseptic, sedatives, febrifuges, cough medicines, cytotoxic remedies for skin diseases and as hypotensives. This fact encouraged for extensive investigations of bioactivity of the isolated iridoids and seco-iridoids from these plant extracts. The study of biological and pharmacological activity has revealed that both iridoids and seco-iridoids exhibit a wide range of bioactivity. The earlier review articles on biological and pharmacological activity of iridoids and secoiridoids highlighted the published works reported up to 1997, and hence in the present review, the results on the bioactivity of naturally occurring iridoids and seco-iridoids that have been published between 1998-2005 are considered. Only the papers where pharmacological activity of individual compounds or standardized mixture of compounds isolated from plant extracts have been reported are considered in this review.
a. Antiallergic Activity The seco-iridoids, hydramaroside A (65) and hydramaroside B (66) isolated from the leaves of Hydrangea macrophylla SERINGE var. thunbergii MAKINO (Saxifragaceae) showed inhibitory effect on the histamine release from rat mast cells induced by antigen-antibody reaction with inhibition % of 9.1 and 21.3, respectively at a concentration of 10 Ϫ5 M. 40) b. Anti-arthritic Activity In Europe, the roots (tubers) of Devil's Claw, Harpagophytum procumbens (BURCH) DC (Harpagophyti radix) is mainly used for the supportive treatment of inflammatory and degenerative diseases such as, osteoarthritis, low back pain and rheumatic complaints. 70) This fact encouraged Boje et al. for the clinical trial of the aqueous root extract of the plant against human neutrophile elastase and observed an in vitro inhibition activity (IC 50 : 542 mg/ml). These authors isolated ten compounds from the aqueous root extract of the plant. Among the isolated compounds two iridoids namely, 8-p-coumaroylharpagide (234) and pagoside (235) inhibited the enzyme, human neutrophile elastase with an IC 50 of 179 mg/ml (331 mM) and 154 mg/ml (260 mM). 71) An increased activity of the enzyme destroys cartilage tissue and other matrix proteins and hence causes arthritis and rheumatism. Therefore, inhibitors of elastase activity could help in the treatment of arthritis and rheumatism. This biopharmaceutical quality of the root extract has been proved by clinical study on the treatment of osteoarthiritis pain by Chrubasik et al. 72, 73) c. Anti-inflammatory Activity Patrinia saniculaefolia HEMSLEY (Valerianaceae) is a perennial herb and endemic in Korea. The roots of this plant and other species of this genus have been used in Korean traditional medicine for treatment of various diseases including inflammation and edema, ap- 157 .0 (C-3), 103.1 (C-4), 34 .5 (C-5), 26.1 (C-6), 71.1 (C-7), 133.9 (C-8), 43 .9 (C-9), 119.9 (C-10), 169.0 (C-11). Strychnos cathayensis (Loganiaceae). 8) 2. Secologanoside-7-methyl ester C 17 35 .5 (C-6), 102.6 (C-7), 135.8 (C-8), 45 .3 (C-9), 119.7 (C-10), 169.2 (C-11), 51.7 (OMe), 100.1 (C-1Ј), 74.7 (C-2Ј), 78 .0 (C-3Ј), 71.5 (C-4Ј), 78.4 (C-5Ј), 62.7 (C-6Ј), 14.6 (C-1Љ, 4Љ), 75 .2 (C-2Љ), 75 .3 (C-3Љ). Lonicera japonica (Caprifoliaceae). 12) 46 .9 (C-9), 118.6 (C-10), 168.4 (C-11), 55 .0 (OMe), 97.9 (C-1Ј), 73 .0 (C-2Ј), 76.7 (C-3Ј), 70 .0 (C-4Ј), 77 .0 (C-5Ј), 61.1 (C-6Ј). Gentiana scabra (Gentianaceae). 13) 78 .0 (C-3Ј), 71.7 (C-4Ј), 78.5 (C-5Ј), 62.8 (C-6Ј), 56.7 (OMe). Gentiana scabra (Gentianaceae). 13) 11. Scabran G 3 C 28 105 .0 (C-4), 127.2 (C-5), 117.2 (C-6), 70.9 (C-7), 135.0 (C-8), 46.7 (C-9), 118.8 (C-10), 166.4 (C-11), 100.5 (C-1Ј), 74.6 (C-2Ј), 78 .0 (C-3Ј, 3Љ, 3ٞ, 5ЉЉ), 71.7 (C-4Ј, 4Љ, 4ٞ), 77.2 (C-5Ј), 70.7 (C-6Ј), 105.1 (C-1Љ, 1ٞ), 77.1 (C-5Љ), 70.5 (C-6Љ), 77.0 (C-5ٞ), 70.1 (C-6ٞ), 104.9 (C-1ЉЉ), 75.1 (C-2Љ, 2ٞ, 2ЉЉ), 77.9 (C-3ЉЉ), 71.6 (C-4ЉЉ), 62.8 (C-6ЉЉ). Gentiana scabra (Gentianaceae). 99.0 (C-1), 150.9 (C-3), 105.0 (C-4), 127.0 (C-5), 117.2 (C-6), 70.9 (C-7), 134.9 (C-8), 46.6 (C-9), 118.8 (C-10), 166.5 (C-11), 100.4 (C-1Ј), 74.4 (C-2Ј), 77.9 (C-3Ј, 3Љ, 3ٞ, 3ЉЉ, 5ٞЉ), 71.6 (C-4Ј, 4Љ, 4ٞ, 4ЉЉ), 77.1 (C-5Ј), 70.6 (C-6Ј), 104.9 (C-1Љ, 1ٞ, 1ЉЉ), 75 .0 (C-2Љ, 2ٞ, 2ЉЉ, 2Љٞ), 77.0 (C-5Љ), 76.9 (C-5ٞ), 76.8 (C-5ЉЉ), 70.5 (C-6Љ), 70.4 (C-6ٞ), 70 .0 (C-6ЉЉ), 104.8 (C-1Љٞ), 77.8 (C-3Љٞ), 71.5 (C-4Љٞ), 62.6 (C-6Љٞ). Gentiana scabra (Gentianaceae). 104 .4 (C-4), 22.9 (C-5), 28.9 (C-6), 93.1 (C-7), 133.0 (C-8), 43 .4 (C-9), 121.5 (C-10), 165.9 (C-11), 100.4 (C-1Ј), 74.7 (C-2Ј), 78.1 (C-3Ј), 71.4 (C-4Ј), 78.3 (C-5Ј), 62.6 (C-6Ј), 175.9 (C-1Љ), 42 .0 (C-2Љ), 27.6 (C-3Љ), 11.8 (C-4Љ), 16.8 (C-5Љ). Chelonanthus chelonoides (Gentianaceae). 14) 16. 106 .0 (C-4), 28.4 (C-5), 25.9 (C-6), 69.7 (C-7), 133.2 (C-8), 43.8 (C-9), 121.0 (C-10), 99.7 (C-1Ј), 74.6 (C-2Ј), 77.7 (C-3Ј), 71.4 (C-4Ј), 77.0 (C-5Ј), 68.5 (C-6Ј), 110.9 (C-1Љ), 79.2 (C-2Љ), 80.4 (C-3Љ), 74.9 (C-4Љ), 65.5 (C-5Љ). Lonicera quinquelocularis (Caprifoliaceae). 15) 112 .6 (C-4), 33.8 (C-5), 38.2 (C-6), 176.6 (C-7), 125.9 (C-8), 132.6 (C-9), 13.5 (C-10), 168.8 (C-11), 51.8 (OMe), 100.0 (C-1Ј), 74.8 (C-2Ј), 78.5 (C-3Ј), 71.7 (C-4Ј), 78.1 (C-5Ј), 62.9 (C-6Ј). Jasminun polyanthum (Oleaceae). 16) 18. 28 .9 (C-5), 34.9 (C-6), 174.2 (C-7), 68.8 (C-8), 42.7 (C-9), 18.6 (C-10), 166.3 (C-11), 50.3 (OMe), 99.8 (C-1Ј), 73.9 (C-2Ј), 77.6 (C-3Ј), 70.6 (C-4Ј), 77.9 (C-5Ј), 61.9 (C-6Ј), 166.5 (C-1Љ), 128.5 (C-2Љ), 137.0 (C-3Љ), 13.5 (C-4Љ), 11.5 (C-5Љ). Gonocaryum calleryanum (Icacinaceae). 20) 24. (C-2Љ), 145.6 (C-3Љ), 27.3 (C-4Љ), 36.4 (C-5Љ), 30.9 (C-6Љ), 36.6 (C-7Љ), 64.1 (C-8Љ), 12.5 (C-9Љ), 19.7 (C-10Љ), 96.0 (C-1ٞ), 74 .0 (C-2ٞ), 78.2 (C-3ٞ), 71.6 (C-4ٞ), 78.8 (C-5ٞ), 62.9 (C-6ٞ). Jasminum polyanthum (Oleaceae). 25) . Jasminum polyanthum (Oleaceae). . Jasminum nudiflorum (Oleaceae). 03 (d, 6.3, H 3 -9Љ), 3.41 (m, H-10Љ 100.9 (C-1Ј), 74.8 (C-2Ј), 77.9 (C-3Ј), 71.5 (C-4Ј), 78.4 (C-5Ј), 62.8 (C-6Ј) . Jasminum nudiflorum (Oleaceae). br s, H-1), 7.54 (s, H-3 H-3 05 (d, 8.6, H-2ٞ, 6ٞ), 6.71 (d, 8.6, H-3ٞ,  5ٞ), 2.83 (t, 6.7, H 2 -7ٞ), 4.29 (dt, 6.7, 1.6, H 2 -8ٞ), 6.99 (d, 8.6, H-2ЉЉ, 6ЉЉ), 7.24  (d, 8.6, H-3ЉЉ, 5ЉЉ), 2.81 (t, 7.0, H 2 -7ЉЉ -11), 4.80 (d, 7.5, H-1Ј), 3.31 (m, H-2Ј), 3.41 (t, 10.0, H-3Ј), 3.32 (m, H-4Ј), 3.34 (m, H-5Ј 61) It was reported earlier from Scaeveola montana (Goodinaceae) with only 1 H-NMR data. 62) 138. 
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156. Oleopolyanthoside Table 2 . Alphabetical Index of Secoiridoids Cited in Table 1 Acerifolioside 155 pendicitis and abscesses. 74) Three new iridoids, patridoid I (159), patridoid II (160) and patridoid IIA (161) isolated from the whole plant of P. saniculaefolia were examined for their inhibitory effects on nitric oxide (NO) and tumor necrosis factor-a (TNF-a) production in cultured murine macrophase. 75) Among them, patridoid II (160) consistently inhibited NO and TNF-a production in a dose-dependent manner, with IC 50 values of 14.1 and 17.6 mM, respectively. While patridoid I (159), which is a C-6 isomer of patridoid II, affected the production of NO and TNF-a production slightly and patridoid IIA did not inhibit TNF-a and NO production. These results suggest that 3a-methoxy orientation played an important role in inhibition activity and rationalise the use of this plant in inflammatory disorders.
Plantago, Gentiana and Hapagophytum species have been used as anti-inflammatory herbs. All these plants contain iridoid glycosides. To justify this anti-inflammatory use, Park et al. studied the anti-inflammatory activity of aucubin (162) isolated form Plantago asiatica and its aglycone (163) (by bglucosidase treatment) on the production of Tumor Necrosis Factor-a (TNF-a) in RAW 264.7 cells. Aucubigenin (163) suppressed the production of both mRNA for TNF-a and subsequent TNF-a protein in the culture, but aucubin did not. The production of TNF-a-protein was inhibited in a dose dependent manner with an IC 50 of 9.2 mM.
76) The TNFa-proteins in the culture, were stimulated with lipopolysaccharide (LPS) (1 mg/ml) and interferon-g (IFN-g) (10 mg/ml). The aglycone of aucubin and rolipram (positive control) treatments exhibited significant suppressions of mRNA synthesis by 78% and 85% respectively, but no inhibition was observed with aucubin treatment. These results indicate that possibly iridoid glycosides exhibit an anti-inflammatory activity through their hydrolytic products rather than their intact glycoside forms.
Seven iridoids isolated from different extracts of Scrophularia scorodonia L. (Scrophulariaceae), namely, aucubin (162), bartsioside (164), harpagide (165), harpagoside (166a), 8-O-acetylharpagide (167), scorodioside (168), and scropolioside B (169) and had been evaluated for their in vitro anti-inflammatory activity in cellular systems generating cyclooxygenase (COX) and 5-lipoxygenase (LOX) metabolites.
77) The screening results indicated that most of the compounds did not exhibit any significant effect on PGE 2 -and LTC 4 -release from calcium ionophore stimulated mouse peritoneal macrophages. In the LTC 4 -assay, only aucubin showed a significant effect, with an IC 50 value of 72 mM. Harpagoside and harpagide also inhibited release of LTC 4 , but neither effect reached statistical significance. The release of PGE 2 by mouse peritoneal macrophases stimulated by calcium ionophore was inhibited by both harpagoside and 8-acetyl harpagide at the highest non-cytotoxic dose of 100 mM, but this effect was not significant statistically. However, most of these iridoids showed a significant effect on TXB 2 -release from calcium ionophore stimulated human platelets, with inhibition percentages slightly lower than the reference drug ibuprofen. Only harpagide, scorodioside, and scropolioside B had no significant effect on TXB 2 -release. These results indicate that selective inhibition of the TX-synthase enzyme may be the primary target of action of most of these iridoids, and one of the mechanisms through which they exert their anti-inflammatory effect.
Three iridoids, gaertneroside (170), acetylgaertneroside (171) and gaertneric acid (172) isolated from African medicinal plant, Morinda morindoides (BAKER) MILNE-REDHEAD syn. Gaertneria morindoides BALC. showed potent anti-complementary activity with IC 50 values of 58, 71 and 69 mM, respectively. 78) These iridoids inhibited the activation of classical pathway of the complementary system which is triggered by antibody-antigen complexes. Thus these iridoids may contribute at least in part to the traditional use against rheumatic pains. It may be noted that complement system is one of the major effector pathways in the process of inflammation. The plant is used in traditional medicine as an antirheumatic agent.
d. Antibacterial Activity Pterocephalus perennis subsp. perennis (Dipsacaceae), an endemic and abundant species of Greek peninsula is used traditionally all over Greece for antiseptic activity. Graikou et al. isolated six iridoids namely, loganin (1b), loganic acid (173), cantleyoside (174), secologanin (175), secologanin-dimethyl acetal (176) and cantleyoside-dimethyl-acetal (137) and tested their antimicrobial activities against two Gram-positive bacteria, Staphylococcus aureus and S. epidermidis, four Gram-negative bacteria, Escherichia coli, Enterobactor cloacae, Klebsiella pneumoniae, Pseudomonas aeruginosa and three pathogenic fungi, Candida albicans, C. tropicalis and C. glabrata by disk diffusion method. 61) The results indicated that loganin (1b) and cantleyoside dimethyl acetal (137) were most active against all the tested bacteria and fungi. Among others, cantleyoside (174) exhibited activity against both Grampositive and Gram-negative bacteria and secologanin (175) and secologanin dimethyl acetal (176) showed a weak activity against Gram positive bacteria. The total antimicrobial profile of the plant is thus in accordance with its external use as an antiseptic.
Two seco-iridoids, swertiamarin (177) and sweroside (178) have been isolated from the aerial parts of Centaurium erythraea RAFN (Gentianaceae), which is reputed to use in folk medicine by Scottish as antiseptic. Both these seco-iridoids inhibited the growth of Bacillus cereus, Bacillus subtilis, Citrobactor freundii and Escherichia coli. Swertiamarin was also active against Proteus mirabilis and Serratia marcescens, while sweroside also inhibited the growth of Staphylococcus epidermidis. 79) Dai et al. isolated eleven nonglycosidic iridoids from the Chinese medicinal plant, Cymbaria mongolica and assayed their antibacterial activity. 80) All these iridoids showed antibacterial activity against Bacillus subtilis, Escherichia coli and Staphylococcus aureus. Among them, iridoid (179) possessed significant activity against B. subtilis, E. coli and S. aureus with inhibition zone of 14.5, 13.9 and 14.5 mm in diameter, respectively at a concentration of 10 mg/disc by paper disc method. This activity is very close to standard antibiotic, chloramphenicol having inhibitory zone of 14.5, 14.9 and 15.1 mm in diameter, respectively at the same concentration.
Yuan et al. isolated ten iridoids from the Chinese whole plant, Pedicularis kansuensis, which is used in folk medicine as cardiac tonics for treatment of collapse, exhaustion and senility. They also assayed these compounds against microorganisms, Bacillus subtilis, Escherichia coli and Staphyllococcus aureus. 81) Among them four iridoids namely, ixoroside (239), boschnaloside (240), 8-epi-loganic acid and aucubin exhibited strong antibacterial activity against E. coli and S. aureus by cup-plate method having growth inhibition zone of 13-20 mm in diameter at a concentration of 20 mg/disc. e. Antifungal Activity Epimeric mixture of a-and bgardiol (180a, b) isolated from the leaves of Brazilian tree, Tocoyena formosa (CHAM et. SCH.) K. SHUN (Rubiaceae) showed moderate fungitoxic property against DNA repair-deficient yeast strains, RS321, RS167N and RS322N and wildtype strain of Saccharomyces cerevisiae, RS188N with an IC 12 of 120, 126, 90, 105 mg ml Ϫ1 , respectively. Camptotecin and streptonigrin used as standard drugs showed fungitoxicity against RS 167N and RS322N with an IC 12 of 8.7, 0.6; 2.4 and 0.4 mg ml
Ϫ1
, respectively.
82)
Chioccoca alba HITCH (Rubiaceae), a shrub endemic to America is used in folk medicine as a tonic for ganglion inflammation as well as diuretic and snake-bite treatment. Carbonezi et al. investigated the roots of this plant and isolated three iridoids and one seco-iridoid named alboside IV (45) . Alboside IV showed moderate fungitoxic activity towards the DNA repair-deficient mutant RS 321 of Saccharomyces cerevisiae with an IC 12 value of 120 mM. 29) f. Anticancer Activity A 70% acetone extract of Viburnum luzonicum ROLFE, an evergreen shrub widely distributed in Taiwan, was reported to inhibit KB cell growth. 83) In the study of cytotoxic principles of this plant, Fukuyama et al. isolated four iridoid glucosides (181-184), named luzonosides A-D, and seven iridoid aglycones (185-191), named luzonoids A-G and studied their inhibitory activity against HeLaS 3 cancer (human epithelial cancer) cell line using fluorouracil and cisplatin as positive controls. Iridoid glucosides 181 and 182 and their aglycones (185-189) exhibited moderate inhibitory activity with IC 50 values of 3-7 mM, whereas compound 183 and 184 showed no cytoxicity even at 100 mM. 84) Furthermore, cytotoxic iridoids 181, 182 and 185-189 also inhibited the growth and the cell viability in primary-cultured rat cortical neurons at 10 mM. and all these compounds showed weak cytostatic/cytotoxic activity (GI 50 : 1-9 mg/ml) against cancer cell lines, HM02 (stomach carcinoma), Hep G2 (liver carcinoma) and MCF7 (mamma carcinoma) according to NCI-directives. 87) This plant is used in folk medicine for sedative and antispasmodic purposes. The iridoids containing aqueous extract of this plant (100 mg/kg) growth over the full range (100 to 0.78 mg/ml) of concentrations tested. While both compounds 232 and 233 showed a negative dose-dependent response, stimulating HDF growth at lower concentration (highest at 0.78 mg/ml). Scopolioside A was also found to possess immunostimulant property 119) and compound 232 anti-inflammatory activity. 120) Hence the use of the extract of S. nodosa containing these compounds for wound healing treatment as folk medicine is justified.
o. Neuroprotective Activity Glutamate is widely known to be associated with central excitatory neurotransmission. This glutamate is also recognized to be a cause of neuronal cells loss, which is involved in neurodegenerative disorders such as seizures, ischemia, spinal cord trauma, Alzheimer's disease and Parkinson's disease. Kim (230), E-harpagoside (166a), Z-harpagoside (166b) and harpagide (165) from the roots of Korean herb, Scrophularia buergeriana MIQUEL (Scrophulariaceae) and studied their effects on glutamate-induced neurotoxicity by adding them to primary cultures of rat cortical cells at concentrations ranging from 100 nM to 10 mM.
121) The neuroprotective activity of the compounds was quantified by measuring the release of lactate dehydrogenase (LDH) into the culture media from primary cultures of rat cortical cells injured with glutamate. The results indicate that at concentrations of 0.1-10.0 mM, compounds 227-230 significantly blocked the release of LDH from glutamate injured primary cultures of rat cortical cells. Compounds 165, 166a and 166b also reduced the release of LDH in a dose-dependent manner. On the basis of these results, it can be concluded that the iridoid aglycone unit as well as the E-p-methoxycinnamic acid unit contribute key roles in the neuroprotective effect.
p. Nerve Growth Factor-Potentiating Activity Nerve growth factor (NGF) is one of the neurotrophic factors for neurodegenerative disorders. Verbena littoralis H. B. K. (Verbenaceae), native of Paraguay is potentially useful for the medical treatment of dementia. 122) To find out the bioactive chemicals possessing a NGF-potentiating activity Li and Ohizumi isolated nine iridoids from the methanol extract of the plant and tested their activity. 123) Among these iridoids, littoralisone (236) possessed moderate the NGF-potentiatiating activity enhancing the NGF's activity in PC 12D cells, but significant activity was shown by gelsemiol (237) and 7a-hydroxy semperoside aglucone (7a-OHSA) (238). Gelsemiol (237) at concentration of 100 mM markedly enhanced an increase in the proportion of neurite-bearing cells and an extension of the neurite length in presence of NGF (2 ng/ml). 7a-OHSA (238) at the same concentration 100 mM does not increase the population of the neurite length in presence of NGF (2 ng/ml). Neurite outgrowth was not caused by both the compounds, gelsemiol and 7a-OHSA in absence of NGF. Therefore, these compounds may be useful pharmacological tools for the study of the mechanism of neurotrophic action of NGF.
Another iridoid, gelsemiol-6Ј-trans-caffeoyl-1-glucoside (226) isolated from MeOH extract of the aerial parts of the same plant, V. littoralis showed weak enhancement of nerve growth factor (NGF)-mediated neurite outgrowth in PC 12D cells (10% at a concentration of 30 mM).
124)
Concluding Remarks
From the results of pharmacological studies collected in this article, it is clear that iridoids exhibit a wide range of remarkable biological activity. Hence the use of plant extracts containing iridoids in several herbal pharmaceutical drug formulations is justified. Moreover, further study on plant extracts containing iridoids is worthy for isolation of more new iridoids and to evaluate their potential pharmacological activity. Systematic biological and pharmacological screening and testing of the isolated iridoids from different plants will be helpful for their proper use in agro and pharmaceutical or other industries as raw materials.
